Aims Our objective was to study the effect of the genetic background on the wound healing process after myocardial infarction (MI) in mice. Methods and results MI was induced in five different mouse strains (BalbC, C57Bl6, FVB, 129S6, and Swiss). At 3, 14, and 28 days after MI, cardiac dimensions were monitored by echocardiography and histology, whereas cardiac function was determined by direct intraventricular pressure measurements (dP/ dt). Furthermore, matrix metalloproteinases were measured by zymography, and mRNA expression by quantitative PCR. Infarct rupture, which typically occurred at 3-6 days post-MI, was most frequent in 129S6 mice (62%), followed by C57Bl6 (36%), FVB (29%), Swiss (23%), and BalbC (5%). The high incidence of infarct rupture in 129S6 mice was associated with high systolic blood pressure and increased influx of inflammatory cells. Cardiac dilatation was most marked in Swiss mice and least prominent in 129S6 mice. The degree of dilatation was associated with a reduced ejection fraction and decreased dP/dt values at 14 and 28 days post-MI. At day 14 and 28 post-MI, secondary thinning of the infarct area was marked in BalbC, FVB, and Swiss, but absent in C57Bl6 and 129S6 mice. In the latter two groups, this was paralleled by the highest number of myofibroblasts at day 14 post-MI. Conclusion The outcome of infarct healing in mice strongly depends on genetic background. On the basis of our results, we suggest that for studies on infarct rupture, the 129S6 mouse is the background of choice, whereas BalbC and Swiss mice are the preferred models to study infarct thinning post-MI.
Introduction
The process of cardiac wound healing after myocardial infarction (MI) is complex and, if not occurring optimally, may result in severe complications such as infarct rupture 1 and infarct thinning leading to heart failure. 2 To better understand the process of infarct healing, rodent models of MI have extensively been studied. These studies have yielded invaluable information on the molecular mechanisms involved in infarct healing. The availability of genetically altered mice, allowing the study of the effect of individual genes on infarct healing, has intensified this research even further.
When constructing a transgenic or knockout mouse, the choice of the genetic background can have a significant effect on the observed phenotype. 3 This implies that the selection of the mouse strain can be of vital importance for the outcomes of the study. Although strain effects have been reported in different cardiovascular studies on haemostasis and thrombosis 4 and stroke, 5 surprisingly little is known about the effects of the genetic background on the wound healing process after MI. To our knowledge, only a single study on differences in the frequency of infarct rupture after MI in three different mouse strains has been published. 6 In this study, the incidences of infarct rupture were 3, 27, and 59% in male FVB/N, C57B/6J, and 129Sv mice, respectively, illustrating the major impact of the genetic background on cardiac pathology. 6 The aim of the present study was to perform a systematic comparison of the wound healing post-MI in five different mouse strains that are commonly used in cardiovascular research. We tested the following hypotheses:
(1) Infarct rupture frequency correlates positively with the inflammatory response. The results of the present study allow us to formulate recommendations regarding the choice of the genetic background in studies on specific aspects of the wound healing process post-MI.
Methods
An expanded Methods section detailing the techniques and procedures mentioned here is available in Supplementary material online.
Experimental protocol
The design and number of animals that were included in the study are given in Figure 1 and Table 1 , respectively. In total, 354 mice of five strains were included (BalbC n ¼ 64, C57Bl6 n ¼ 73, FVB n ¼ 73, 129S6 n ¼ 80, and Swiss n ¼ 64). All mice underwent baseline echocardiography at their entry into the study, before the surgical intervention. Of these 354 mice, 40 mice were subjected to sham surgery. In the sham animals echocardiographic measurements were repeated on days 3, 14, and 28 after sham surgery. Direct intraventricular haemodynamic pressure measurements (see below) were performed 28 days after sham surgery immediately before sacrifice. All remaining (n ¼ 314) mice were subjected to coronary artery ligation on day 0 to produce MI as described below. Terminal echocardiographic and haemodynamic measurements were performed on the day of sacrifice (Figure 1 ).
Animals
Male mice, 10-12 weeks old were obtained from the following suppliers; FVB/NJ, Balb/cJ, and C57Bl/6J mice from Jackson Laboratories (Bar Harbor, ME, USA), 129S6/SvEv mice from Taconic (Germantown, NY, USA), and outbred Swiss mice from Charles River (Wilmington, MA, USA). All experimental procedures were approved by the Animal Care and Use Committee of Maastricht University and were in accordance with the Guide for the Care and Use of Laboratory Animals, published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996).
Experimental MI
Mice were anaesthetized with xylazine (2.5 mg/kg s.c.) and ketamine (50 mg/kg i.m.), and maintained on isoflurane (1.5-2.5%). MI was induced as previously described. 7 
Evaluation of ischaemic area at risk
To evaluate if differences in coronary architecture may influence the outcome of the study, the area of the left ventricle that was at risk after left coronary artery ligation was compared in five BalbC, seven C57Bl6, six FVB, five 129S6, and five Swiss mice. Figure 1 Flow chart of the experimental protocols. Of each mouse strain, mice were divided into four groups. All MI mice were subjected to baseline echocardiography, MI surgery and echo and haemodynamic measurements at the experimental time point. As a control, sham-operated mice of every strain were used. They underwent echocardiography before sham-operation and at days 3, 14, and 28. Haemodynamic measurements were executed at day 28. Directly after the MI procedure, the abdomen was opened and 250 mL of 2.5% Trypan Blue was injected through the inferior vena cava to delineate the non-ischaemic tissue and to quantify the area at risk (AAR). Hearts were excised, briefly washed in isotonic saline, frozen at 2208C and cut into 2 mm thick sections in a transverse orientation. Well-perfused parts of the myocardium stained blue, whereas the AAR remained unstained. Using a computerized morphometry system (Qwin version 3.2.0, Leica, Cambridge, UK), the AAR was calculated and expressed as percentage of the left ventricular area.
Treatment with blood pressure lowering agents
To prove a causal relationship between blood pressure and infarct rupture frequency, a separate group of 129S6 mice was treated with metaprolol (b1-selective adrenoceptor antagonist, 25 mg/kg day) or hydralazine (vasodilator, 10 mg/kg day). The drugs were administered for 7 days by osmotic minipump (Alzet 1007D, Durect Corporation, Cupertino, CA, USA), which was implanted subcutaneously at the time of induction of MI.
Echocardiography
Echocardiographic measurements were performed under light (1-2%) isoflurane anaesthesia. One recording was taken prior to surgical procedures (baseline) and final recordings were made at 3, 14, or 28 days after MI surgery ( Figure 1 ). Serial measurements were performed on days 0, 3, 14, and 28 in the sham-operated control animals. Transthoracic echocardiography was performed as previously described 8 using a Hewlett-Packard 15 MHz linear array transducer (15-6L) interfaced with a Sonos 5500 echocardiography system (Phillips, Eindhoven, The Netherlands). Infarct size, LV cavity dimensions, and ventricular function were assessed.
Evaluation of left ventricular contractility (dP/dt)
The LV contractility was determined on post-MI days 3, 14, or 28 in the three experimental groups and on day 28 in the sham MI group as previously described. 8 Mice were anaesthetized with urethane (2.5 mg/g body weight i.p., Sigma-Aldrich, St Louis, MO, USA). A high-fidelity catheter tip micromanometer (Mikro-tip, 1.4F, SPR-671; Millar Instruments, Houston, TX, USA) was inserted through the right carotid artery into the left ventricular cavity. Maximal positive and negative pressure development (þdP/dt, 2dP/dt) and heart rate were determined at baseline and during maximal stimulation with dobutamine (Sigma).
Tissue preparation
At the end of the experiment, hearts and lungs were excised and weighed. Hearts were divided longitudinally; one-half was incubated in 4% paraformaldehyde for 24 h, processed, and embedded in paraffin for immunohistochemical stainings. The other half was subdivided into right ventricle, left ventricle, infarct and septum, and snap-frozen in liquid nitrogen until further used for protein and RNA isolation.
Histology and immunohistochemistry
Sections of 4 mm were cut from the paraffin embedded heart halves and stained with the AZAN technique. Infarct size (percentage of the left ventricular area) as well as infarct and septum thicknesses were measured using a computerized morphometry system (Qwin, Leica). The relative collagen areas in the infarct and septum were quantified as percentage of total tissue surface in Sirius Red stained sections using the Qwin morphometry system. Alpha smooth muscle actin (ASMA) was used to identify myofibroblasts in the infarct area (ASMA monoclonal antibody, Sigma, dilution 1:2000). Myofibroblast areas were determined using the Qwin morphometry system and were expressed as myofibroblast area/total tissue area (%). In addition, haematoxylin and eosinstained sections were used to identify inflammatory cells by cytological characteristics and counted in four randomly chosen fields (90.000 mm 2 per field) of the border zone of day 3 post-MI infarct samples in all five strains.
Zymography
Proteins were isolated from the infarct area of the day 3 group for all strains as previously described. 9 Latent and active matrix metalloproteinases (MMP) activities were detected using zymography, as previously described. 10 A protein standard with proven MMP-2 and -9 activities was loaded on each gel as a control. The gels were digitized and analysed with image analysis software (Qwin, Leica). The integrated optical density of the individual bands was determined and normalized against the value of a standard sample that was run on every gel.
Real-time PCR
Real-time PCR was performed as previously described. 11 In short, septal tissue was homogenized with a PRO200 tissue homogenizer (PRO Scientific, Monroe, CT, USA) and RNA was isolated using the RNAeasy Fibrous Tissue mini kit (Qiagen, Maryland, USA) according to the manufacturer's instructions. RNA was further purified by DNase digestion and transcribed into cDNA using random hexamer primers. The number of transcripts of atrial natriuretic factor (ANF), brain natriuretic peptide (BNP), and Cyclophillin was determined in the MyIQ system (Biorad, USA), using SYBR Green PCR Master Mix kit (Eurogentec, Seraing, Belgium). Cardiac gene expression was normalized to the housekeeping gene Cyclophilin. All samples were run in duplicates. Data analyses were performed using the MyIQ System software (Biorad).
Statistical analysis
All data are presented as mean + SEM. Survival was analysed by the Kaplan-Meier method with a log-rank test for differences between groups. Statistical analysis was performed using two-or three-way ANOVA with Bonferroni post hoc tests. A P-value of less than 0.05 was considered to indicate statistical significance.
Results
A total of 354 mice were used for the genetic background study. Thirty-seven mice died during or shortly (less than 24 h) after surgery because of complications of anaesthesia, arrhythmia, or bleeding and were not included in the analysis. In the first week post-MI 55, mice died of cardiac rupture, as diagnosed by haematothorax. Twenty-one mice died of heart failure, diagnosed by a more than 270% increase in LW/BW ratio and clear fluid in the thoracic cavity, and 56 mice were excluded from the study due to small infarct size (less than 15%) or incomplete measurements. Twenty-eight mice were used to determine the AAR and 157 mice were included in the experimental protocol ( Table 1) .
Area at risk
The mean left ventricular AAR values were not different between mouse strains. The following AARs were observed: BalbC 46 + 4%, C57Bl6 50 + 5%, FVB 48 + 6%, 129S6 48 + 2%, and Swiss 48 + 4% (P ¼ 0.97). This indicates similar infarct sizes in all mouse strains at the time of surgery.
Survival of the different mouse strains
After induction of MI, only 33% of the 129S6 mice were alive at 28 days post-MI, when compared with 85% of the BalbC mice ( Figure 2A) . Kaplan-Meier analysis demonstrated significant differences in mortality between the five mouse strains (P ¼ 0.004). All mice died of either infarct rupture or acute heart failure. Infarct rupture, diagnosed by massive blood loss in the thoracic cavity, occurred in 62% of the 129S6 mice, 36% in C57Bl6, 29% in FVB, 23% in Swiss, and in 5% of the BalbC mice ( Figure 2B ). The timing of infarct rupture differed between the groups. 129S6 mice typically ruptured between days 3 and 4 post-MI, C57Bl6 mice ruptured on days 4 and 5, and FVB mice ruptured on days 5 and 6. Early lethal heart failure (between days 2 and 7 post-MI), occurred mainly in the FVB mice (28%), whereas in the other strains this complication occurred in less than 10% of the cases ( Figure 2B ).
Post-mortem characteristics of the five different mouse strains
In Table 2 , the post-mortem characteristics of the different mouse strains at the different time points are summarized. At baseline, there was a variation in body weight between the five strains and this variation was maintained over time (see sham groups). The Swiss mice weighed significantly more than the other mouse strains; all strains gained weight during the study.
Heart weight normalized for body weight increased in all mouse strains after MI surgery compared with sham-operated animals. The 129S6 mice had the highest heart weight to body weight ratio. Lung weight normalized for body weight (LW/BW) also tended to increase in all strains after MI surgery. Over time, post-MI LW/BW increased significantly in BalbC and Swiss mice, but not in the other strains, suggesting the development of pulmonary oedema in these two strains.
Cardiac dimensions determined by echocardiography
Echocardiographic analysis showed similar baseline characteristics in all five strains. In sham-operated mice, echocardiographic parameters were not significantly different between strains and remained similar over the 28 days time course of the study. In the sham groups, the endsystolic volume (ESV) ranged from 0.02 to 0.05 cm 3 , the enddiastolic volume (EDV) from 0.05 to 0.09 cm 3 , the ejection fraction (EF) from 39 to 57%, and the fractional shortening (FS) ranged from 25 to 31%. The range of values observed in the sham group is indicated by grey areas in Figure 3 . After MI, differences between strains became more pronounced: all strains showed an increase in both ESV and EDV after MI ( Figure 3A and B), but the ESV and EDV were significantly greater in Swiss mice than in other strains. There was a decrease in EF and FS after MI in all mouse strains, with the lowest values in Swiss and BalbC mice and the best preserved values in FVB mice ( Figure 3C and D).
Cardiac function
Left ventricular function was evaluated at days 3, 14, and 28 post-MI, as well as in sham-operated mice at day 28 ( Figure 4) . Direct intraventricular measurements were made at baseline conditions and during maximal stimulation with dobutamine. Baseline-and dobutamine-stimulated systolic blood pressures were highest in 129S6 mice, in both the sham and MI groups ( Figure 4A and B) . Lowest systolic blood pressures were observed in Swiss mice at all time points after MI. C57Bl6 mice had significantly higher systolic blood pressures than FVB and Swiss mice. Diastolic blood pressures were not different between mouse strains, neither in sham nor at any point of time post-MI (data not shown). Mean heart rates varied from 492 to 584 b.p.m., with the highest heart rate in C57Bl6 mice and the lowest heart rate in BalbC mice (Supplementary material online, Table S1 ).
Maximal ventricular contractility (þdP/dt) was reduced post-MI in all mouse strains except in 129S6 ( Figure 4C) . Dobutamine stimulation increased the þdP/dt values in all mouse strains ( Figure 4D) . The þdP/dt was highest in 129S6 mice and differed significantly from BalbC, FVB, and Swiss mice. The lowest þdP/dt was observed in Swiss mice, which was significantly different from all other strains. In BalbC and Swiss mice, LV þdP/dt was higher at 3 and 14 days post-MI than at day 28 post-MI, suggesting that cardiac performance is deteriorating. Furthermore, the strain differences regarding the þdP/dt values were maintained when normalized for systolic blood pressure (Supplementary material online, Table S1 ).
The strongest maximal ventricular relaxation (2dP/dt) at baseline was observed in 129S6 mice and the weakest in Swiss mice ( Figure 4E) . The relaxation values increased after maximum dobutamine stimulation in all strains with again the highest in 129S6 mice and the lowest in Swiss (A) Kaplan-Meier curve analysis of five different mouse strains showed significant differences in survival (P ¼ 0.004). BalbC mice showed the highest survival, 85% of these mice were still alive at day 28 post-MI. The BalbC mice were followed by Swiss (69%), C57Bl6 (56%), FVB (37%), whereas only 33% of the 129S6 mice were still alive at 28 days post-MI. (B) The causes of death in the post-MI mice were infarct rupture and early heart failure in the first week post-MI. Of the 129S6 mice, 62% died of infarct rupture, when compared with only 5% of the BalbC mice. Death due to acute heart failure in the first week post-MI mainly occurred in the FVB mice (28%). mice ( Figure 4F ). The combined data show that cardiac function after MI was best preserved in 129S6 and C57Bl6 mice, whereas BalbC, FVB, and Swiss mice showed more deterioration of cardiac function.
Morphometry, ASMA, and collagen content
Infarct size, as measured in AZAN-stained sections, was not different between the five mouse strains and values were also comparable over time ( Table 3 ). In the sham groups, there were no strain-dependent differences in septal and anterior wall thickness. The thickness of the infarcted left ventricular anterior wall decreased after MI in all five mouse strains compared with the left ventricular anterior wall in sham-operated mice. Over time the thickness of the infarct decreased further in BalbC, Swiss, and FVB mice. In contrast, the thickness of the infarcted wall remained relatively constant over time in C56Bl6 and 129S6 mice. Septum wall thickness did not change in BalbC mice post-MI, whereas in the other strains septum wall thickness increased with the most prominent increase in C57Bl6 and FVB mice ( Table 3) .
Myofibroblasts were stained using an anti-ASMA antibody and the percentage of the infarct area that was populated by myofibroblasts was quantified. At day 14 post-MI, the area covered by myofibroblasts was significantly larger in 129S6 mice than in Swiss mice (P , 0.05) ( Table 3 ). The percentage of the infarct area populated by myofibroblasts decreased in all mouse strains between days 14 and 28 post-MI.
The total collagen content in the anterior left ventricular wall differed between sham-operated mice. BalbC mice had significantly more collagen in the anterior wall than FVB mice (P , 0.05). After MI, total collagen content of the left anterior wall increased significantly in all five mouse strains. The magnitude of this increase was not different between strains. Also in the septum, remote from the infarcted area, the collagen content increased over time after MI in all five mouse strains. At day 14 post-MI, BalbC mice had significantly more collagen in the septum than C57Bl6, FVB, and Swiss mice (P , 0.05) ( Table 3) .
Inflammatory cells in the infarct area
The number of inflammatory cells in the border zone of day 3 post-MI infarcts differed significantly between all five mouse strains (P ¼ 0.0074). The most prominent influx of inflammatory cells was observed in the 129S6 mice, which was significantly greater than in FVB mice (P , 0.05) and Swiss mice (P , 0.01) ( Figure 5A ).
MMP analysis
At day 3 post-MI, the amount of latent MMP-2 was comparable in all strains (P ¼ 0.9424, Figure 5B ). Latent MMP-9 levels were slightly elevated in 129S6 mice although this did not reach statistical significance (P ¼ 0.477). Active MMP-2 and MMP-9 levels were undetectable in day 3 post-MI samples.
Effect of blood pressure lowering on the frequency of infarct rupture
Because of the correlation between the frequency of infarct rupture and the high blood pressure in 129S6, we evaluated the effect of blood pressure lowering on infarct rupture by treating 129S6 mice with metaprolol or hydralazine for 7 days. These drugs lowered the blood pressure under conscious conditions (control: 127 + 14/113 + 10 mmHg; metoprolol 125 + 5/103 + 9 mmHg; hydralazine 109 + 5/96 + 12 mmHg, n ¼ 5-6). Both metaprolol and hydralazine significantly lowered the frequency of infarct rupture from 64% (untreated controls, n ¼ 53) to 33% and 29% in metoprololand hydralazine-treated animals (n ¼ 18 and 17, respectively, both P , 0.05).
Expression of ANF and BNP
ANF expression, normalized for the housekeeping gene cyclophilin, was significantly increased in Swiss mice compared with BalbC, C57Bl6, 129S6 (all P , 0.001), and FVB mice (P , 0.01). BNP expression, corrected for cyclophilin, was lowest in 129S6 mice and was significantly different from BalbC (P , 0.01) and Swiss mice (P , 0.05) (Figure 6 ). 
Discussion
The present study provides a unique insight into the effect of the genetic background on post-MI wound healing in five different mouse strains. The major observations in the present study were marked differences in the frequency of infarct rupture and in the magnitude of thinning of the infarct area. The latter was inversely related to the preservation of cardiac function. In this study, we observed a high frequency of infarct rupture in 129S6 mice. This is in accordance with findings of other studies, in which the incidence of infarct rupture in male 129Sv mice ranged from 59 to 82%. 6, 12 We hypothesized a positive correlation with the density of regional inflammatory cells at the border zone of the infarct area and an increased MMP-9 expression. MMP-9 is known to play an important role in the development of infarct rupture, both in mice and humans. 1, 13 In the present study, we did observe a significant increase in the number of inflammatory cells in the border zone of the infarct of 129S6 mice. Although there was a tendency towards increased MMP-9 levels in 129S6 mice at 3 days post-MI, the levels did not differ significantly from the other strains. This may be explained by the time window in which the experiments were done. We sacrificed animals at day 3 post-MI, so before the onset of infarct rupture. This implies that MMP-9 responsible for rupture of the infarct area has just started to be produced. We did not observe any differences in MMP-2 activity between the five mouse strains at day 3 post-MI. Others have described a role for MMP-2; targeted deletion of MMP-2 has been shown to reduce the incidence of infarct rupture. 14, 15 In these studies, MMP-2 upregulation occurred at days 4-7 post-MI, which is beyond our time point of sacrifice. 12, 16 Moreover, in human infarct rupture, MMP-2 does not seem to play a role, as was observed for mice in the present study. 1 In humans, high blood pressure is a risk factor for development of infarct rupture. 17 In the present study, we observed a strong relationship between infarct rupture frequency and blood pressure levels, both being the highest in 129S6 followed by C57Bl6. To evaluate the causality of this relationship, we lowered blood pressure in 129S6 mice by treating them with either the b1-adrenoceptor antagonist metaprolol or the vasodilator hydralazine. Both drugs reduced the frequency of infarct rupture by 50%, confirming that the high blood pressure in the 129S6 mice plays an important role in infarct rupture in these mice.
Taken together, our observations indicate that 129S6 mice have an augmented inflammatory response after MI compared with other mouse strains. The increased influx of inflammatory cells, combined with possible increase in MMP-9, may have weakened the extracellular matrix more in 129S6 than in other strains. Combined with the high systolic blood pressure, this may contribute to the high incidence of infarct rupture in 129S6 mice. It has been suggested that infarct rupture in humans may occur due to hypertension and increased local left ventricular wall stress; administration of beta-blockers and/or angiotensin-converting enzyme inhibitors has been reported to prevent rupture. 17 In the present study, cardiac function of mice from five different strains was followed up to 4 weeks after MI. Swiss and BalbC mice had the worst cardiac function after MI. They showed high ESVs and EDVs and marked reductions in EF and FS. This was associated with significant infarct thinning without compensatory hypertrophy of the septum. The elevated BNP levels and LW/BW ratios at 28 days post-MI suggest that these mice were progressing into heart failure. Remarkably, however, Swiss and BalbC mice were the mice with the highest survival rates in our study. This raises an interesting parallel with the current pharmacotherapy of heart failure in which administration of a betablocker and/or ACE-inhibitor, drugs that depress cardiac function, reduce the morbidity in heart failure patients, 18 and increase the time of survival. 19, 20 Secondary thinning of the infarct area between days 14 and 28 was marked in BalbC, FVB, and Swiss, but absent in C57Bl6 and 129S6. This was paralleled by the highest number of myofibroblasts at 14 days after MI in the latter two groups. The role of myofibroblasts has been well established in wound healing in the skin, where the myofibroblasts align perpendicular to the wound rim. 21 The contractile properties of the myofibroblasts bring the wound margins in closer proximity, a phenomenon which is known as wound contraction and which reduces the scar size. 21 The reduction in size is stabilized by extracellular matrix deposition and subsequently the myofibroblasts disappear from the scar area. 22 However, unlike wound healing in the skin, 23 myofibroblasts persist for up to 20 years in well-healed human infarcts 24 suggesting a sustained role for myofibroblasts in the maintenance of the infarct area and prevention of secondary dilatation in the beating heart which is under repetitive stress. Therefore, the results of the present study support the hypothesis that myofibroblasts can attenuate the dilatation of the infarct area, thereby preventing the development of heart failure.
The present study showed profound effects of the genetic background on the wound healing process post-MI in mice. This raises the question whether the genetic background of mice used in a study is optimal to investigate the effect of a specific genetic modification or whether some effects remain unnoticed due to the use of a specific genetic background. 3, 25 Furthermore, when planning a study, either to test the effect of genetic modification or, e.g., a pharmacological intervention on infarct healing, guidelines would be helpful to chose the optimal mouse strain. The present study provides novel insights into the effect of the genetic background on infarct healing that can help researchers to determine which mouse strain is most suitable to study a certain aspect of infarct healing ( Table 4) :
-To study strategies to prevent infarct rupture, 129S6 andto a lesser extent-C57Bl6 are the models of choice. These mice show a high frequency of infarct rupture with characteristics that resemble infarct rupture in humans. Therefore, these mouse strains should be the first choice in studies aiming at testing genetic or pharmacological interventions to reduce the incidence of infarct rupture. -To study heart failure post-MI, BalbC and Swiss are the preferred models. These strains clearly show reduced cardiac performance, combined with increases in BNP levels and increases in lung weight, resembling the symptoms observed in human heart failure patients. -To study infarct thinning, BalbC, FVB, and Swiss are best suitable. These strains have relatively few myofibroblasts at 14 days post-MI which may explain the more profound secondary dilatation of the infarct area in these strains. Therefore, these models are well-suited to study interventions aiming at the preservation of myofibroblasts in the infarct area. Moreover, their low frequency of infarct rupture and poor cardiac function make them the strain of choice to study the effect of therapeutic interventions on infarct healing. (B) Gelatin zymography demonstrating the activity of matrix metalloproteinases (MMP)-2 and -9 in myocardial infarct tissue obtained from 3-day-old infarcts. Quantification of the latent forms of MMP-2 and MMP-9, expressed in intensity units (IOD), showed slightly higher latent MMP-9 levels in 129S6 mice; however, this did not reach statistical significance. Active MMP levels were difficult to detect in these tissue samples. (C) Survival curve of 129S6 mice, treated with either metoprolol or hydralazine. Therapy started at the time of MI induction. Both blood pressure lowering therapies significantly reduced the frequency of infarct rupture in these mice (*P , 0.05). Figure 6 Quantitative PCR characterization of ANF and BNP. The ANF/cyclophiline ratio was significantly increased in Swiss mice compared with BalbC, C57Bl6, 129S6 (*P , 0.001), and FVB mice (#P , 0.01). BNP/cyclophilin ratio was lowest in 129S6 mice and was significantly different from BalbC ( † P , 0.01) and Swiss mice ( ‡ P , 005).
-If a model with preserved cardiac function after MI is needed, one should choose between C57Bl6, 129S6, or FVB. Obviously, 129S6 and-to a lesser extent-C57Bl6 have the disadvantage that a significant number of animals will be lost due to infarct rupture. This leaves FVB as the strain of choice for this kind of experiments.
Limitations of the study
In order to limit the number of variables, we used young (10-12 weeks old) male mice in this study. It is well known that gender has a major influence on the outcome of experimental studies, including studies on infarct healing. 26 Male mice have a higher rate of infarct rupture 6, 27 and poorer cardiac function with maladaptive remodelling compared with female mice. 27 Furthermore, remodelling post-MI is dependent on the age of the mice. 28 Because most of the studies on the effect of genetic alterations on cardiac remodelling post-MI use young adult male mice, we have limited our study to this subgroup. However, we can not exclude that the results may be different when mice with other characteristics are used.
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